JEAN A. CRAIG AND ESMOND E. SNELL drop of this suspension was used to inoculate each culture tube of 10 ml. Other culture techniques followed those described by Rabinowitz and Snell (1947) for organisms of group B and by Kitay and Snell (1950) for those of group C. Unless otherwise specified, results were obtained turbidimetrically following an 18-hour incubation period.
The LBF concentrate from natural materials contained 25,000 LBF units (Williams et al., 1949) per mg; the synthetic pantethine (assumed to be pure) assayed 29,000 LBF units per mg. Neither sample contained free pantothenic acid; digestion with a liver enzyme liberated approximately 0.03 micrograms of calcium pantothenate per LBF unit from both products. The coenzyme A Kitay and Snell, 1950) .
$ Added for L. delbrueckii 730 only (see Kitay and Snell, 1950) . § Added only for group C organisms (see Kitay and Snell, 1950) .
preparation contained 1.5 per cent of bound pantothenic acid and was kindly supplied by Dr. F. M. Strong.
RESULTS
The foregoing products were assayed in parallel with each organism against a standard of calcium pantothenate. The results are expressed in terms of an "activity coefficient," A, defined as follows: 
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(b) For organisms of group B, which includes the lactic acid bacteria previously used for assay of pantothenic acid, pantethine (LBF) is usually less active in promoting growth than pantothenic acid. The activity coefficient, as determined at 18 hours, varies from 0 for Lactobacillus fermenti to 1.0 for Lactobacillus casei.
(c) For organisms of group C, pantethine is from 17 to over 400 times more active than an equivalent amount of pantothenic acid. The amount of pantothenic acid commonly added to semisynthetic media (e.g., Snell and Wright, 1941;  Rabinowitz and Snell, 1947 ) is insufficient to support growth of these organisms; on such media, therefore, they appear to require an additional growth factor. The original test organism used for the detection of LBF (L. bulgaricus S) belongs to this group; many other organisms obviously are available for its detection (cf. Kitay and Snell, 1950 tests have shown that amounts of pantothenic acid below 0.6 micrograms per 10 ml do not promote growth of L. helveticus 80 under these conditions even after 250 hours of incubation. This should be contrasted with the readily detectable growth permitted in 18 hours by 0.03 micrograms of pantethine-bound pantothenic acid.
The growth responses of organisms of group C to pantethine shown in table 2 and figure 2 were obtained in the absence of pantothenic acid. When pantothenic acid is present in amounts insufficient by themselves to permit maximum growth, the response to pantethine is greatly sensitized. This result is illustrated in figure 3 PANTETHINE, PANTOTHENIC ACID, AND COENZYME A organisms of group C, provided sufficiently short incubation times are used, and early work leading to the discovery, and preliminary concentration of pantethine (LBF) was carried out with a medium of this type (Williams et al., 1949) . Such media are far from ideal, since the test organism will eventually grow without pantethine, and all the factors that influence the time and extent of growth with small amounts of pantothenic acid have not been accurately defined. Subsequent to discovery of the relationship of LBF to pantothenic acid, pantothenic-acid-free media have been used with organisms of group C for the assay of concentrates of this growth factor, with uniform success. functional form of pantothenic acid so far known, and, according to Novelli, Kaplan, and Lipmann (1949) , essentially all of the pantothenic acid of most tissues is present as this coenzyme. All the pantothenic acid taken up by L. arabinosus during growth appears in the cell as coenzyme A . In view of these findings, it appears likely that each of the compounds of figure 4 that serves as a growth factor for a given organism is converted within the cell to coenzyme A. Thus, the comparative inactivity of coenzyme A in supporting growth of the organisms tested here is probably due to its failure to pass the cell wall and the failure of the organisms to elaborate extracellular enzymes capable of degrading the coenzyme to utilizable fragments. Such impermeability is not characteristic of all cells, since for Acetobacter suboxydans coenzyme A (and the unidentified fragment of figure 4) promotes heavier and faster growth than corresponding amounts of pantothenic acid or pantoic acid, both of which are utilized by this organism for growth (Novelli, Flynn, and Lipmann, 1949) .
Details of the mechanism of biosynthesis of coenzyme A are not known. As indicated in figure 4, enzymes are known that effect the degradation of coenzyme A to pantothenic acid via either routes D and E or routes C and B; which, if either, of these two routes is most widely used for synthesis of the coenzyme is not known. However, crude enzyme systems from animal tissues resynthesize coenzyme A from the pantothenic-acid-containing fragment obtained when the coenzyme is treated with intestinal phosphatase (Novelli, Kaplan, and Lipmann, 1950) , but not from pantothenic acid itself. Growth data indicated that this fragment was probably identical with LBF (pantethine), and more recently King and Strong (1951) It will be noted that none of the organisms tested utilized pantothenic acid, pantethine, and coenzyme A with equal effectiveness, and only one, Lactobacillus casei, utilized pantothenic acid and pantethine equally well. This is in contrast to the action of these substances in the rat, for which each of the three compounds shows an activity coefficient of one.3 For the accurate measurement of the total pantothenic acid content of tissues by microbiological methods, therefore, complete digestion of the conjugates of figure 4 to free pantothenic acid and measurement of the latter with an organism of group A or B are required.
SUMMRY
The comparative growth-promoting activities of pantothenic acid and two of its combined forms, pantethine and coenzyme A, were determined for 22 yeasts and lactic acid bacteria. The "bound" pantothenic acid of coenzyme A was less than 1 per cent as active as an equal amount of free pantothenic acid for 21 of 22 organisms tested. Pantethine was no more active than coenzyme A for all of 6 yeasts tested. The activity of this product for different lactic acid bacteria varied from less than 0.05 (Lactobacillus fermenti) to over 400 (LactobacilUus delbrueckii) times that of an equal amount of free pantothenic acid. Comparative tests showed no differences in the activity of synthetic pantethine and of a highly purified concentrate of the Lactobacillus bulgaricus factor for any of the 8 Private communication from Dr. C. A. Baumann.
290
[VOL. 61 22 organisms. The two products thus appear to be identical and far surpass pantothenic acid in activity for many lactic acid bacteria. For organisms (e.g., Lactobacillus arabinosus) that utilize pantethine less readily than pantothenic acid, the activity of the former compound in terms of the latter increased with the time of incubation. Similarly, among those organisms for which pantethine was highly active, but pantothenic acid was only weakly active (e.g., Lactobacillus helveticus), the activity of pantothenic acid in terms of pantethine increased with the length of incubation. The amount of pantethine required for maximum growth of the latter group was significantly decreased by the presence of amounts of pantothenic acid insufficient by themselves to permit growth.
Several possible explanations for these variations in activity of the different products for various microorganisms are considered.
